Recent studies suggest endogenous opioids and nitric oxide (NO) are involved in the pathophysiology of hepatic encephalopathy (HE). In this study, the interaction between the opioid receptors antagonist, and NO was investigated on lipopolysaccharide (LPS)-induced HE in cirrhotic rats. Male rats were divided in the sham-and bile duct ligation (BDL)-operated groups. Animals treated with saline; naltrexone (10 mg/kg, i.p.); L-NAME (3 mg/kg, i.p.); alone or in combination by naltrexone. To induce HE, LPS (1 mg/kg, i.p.) was injected one hour after the final drug treatment. Hepatic encephalopathy scoring, hepatic histology and plasma NO metabolites levels and mortality rate were recorded. Deteriorated level of consciousness and mortality after LPS administration significantly ameliorated following both acute-and chronic treatment with naltrexone in cirrhotic rats. While, acute-and chronic administration of L-NAME did not change hepatic encephalopathy scores in cirrhotic rats. The effects of acute-but not chronic treatment of naltrexone on hepatic encephalopathy parameters were reversed by L-NAME. Plasma NOx concentrations elevated in BDL rats, which were decreased after acute-and chronic treatment by naltrexone or L-NAME, significantly. We suggest both acute, and chronic treatment with naltrexone improved LPS-induced HE. But, only acute treatment with naltrexone may affect through NO pathway.
Introduction
Hepatic encephalopathy (HE) is a neuropsychiatric complication in patients with chronic or acute liver disease, which leads to changes in personality, intellectual function, and neuromuscular coordination (Butterworth 2000; Rodrigo et al. 2004) . Although the exact pathophysiology of hepatic encephalopathy is not clearly understood, it is believed that this condition occurs due to alterations in the neurotransmitters and neuromodulators of the central nervous system, including endogenous opioids, nitric oxide, glutamate, gamma amino butyric acid and serotonin (Albrecht and Jones 1999; Butterworth 2001; Butterworth et al. 2009; Chu 2001; Yurdaydin et al. 1995; Yurdaydin et al. 1998) . Moreover, in chronic liver disease there is an imbalance between inhibitory and excitatory neurotransmission with a shift towards inhibition. In this condition downregulation occurs in glutamate binding sites on the postsynaptic neurons and astrocytes which results in decreased cerebral glutaminergic tone (Michalak et al. 1996 ).
Opioids are neuroactive substances which are found in the central nervous system as well as in peripheral tissues. There is abundant evidence that plasma concentrations of endogenous opioids increase after liver failure (Albrecht and Jones 1999; Butterworth et al. 2009; Chu 2001) .
Increased opioid peptides contribute to different manifestations of chronic liver disease such as pruritus, ascitis, and hepatic encephalopathy, and it is evident that treatment with naltrexone reduces liver damage in animal models of cirrhosis (Yurdaydin et al. 1998; Yurdaydin rt al. 1996) . Administration of opioid receptors antagonists such as naloxone and naltrexone ameliorates hepatic encephalopathy in rats with acute liver failure (Butterworth et al. 2009 ).
The metabolism of nitric oxide (NO) is altered in liver cirrhosis; and it has been suggested that these changes play a major role in the pathogenesis of HE (Clària et al. 1992; Hajrasouliha et al. 2005; Parekh and Balart 2015; Rao et al. 2002) . The changes in the nitrogen production lead to multi-organ increase in the ammonia concentration, especially in plasma and central nervous D r a f t 4 system (CNS) leading to ammonia neurotoxicity (Parekh and Balart 2015; Shawcross et al. 2005) . In rat models of chronic liver failure, it has been shown that ammonia impairs the glutamate-NO-cGMP pathway (Erceg et al. 2005 ). In addition, previous studies show chronic L-NAME administration exerted protective effects on the severity of encephalopathy; in the process of fulminant hepatic failure development (Payabvash et al. 2007; Suarez et al. 2009 ).
Interaction between opioids and NO has been shown in different biological models, such as morphine-induced analgesia, vascular hyporesponsiveness, and gastric damage in cholestatic rats (Babay et al. 1994; Nahavandi et al. 2001; Namiranian et al. 2001 ).
In addition, a subclinical hepatic encephalopathy is often unidentified in patients with cirrhosis, which negatively affects the activity of daily living e.g., driving a car or performing at work. The prevalence of subclinical hepatic encephalopathy is estimated to vary from 30% to 84% (Citro et al. 2007; Groeneweg et al. 1998) . Detecting effective factors on hepatic encephalopathy in patients with cirrhosis may help improve their quality of life. Interestingly, Wang et al reported that naltrexone decreased the overproduction of NO on acute hepatitis induced by LPS/D-galactoseamine in mice (Wang et al. 2008) . Based on these facts, we aimed to evaluate the possible role of NO in the beneficial action of naltrexone on hepatic encephalopathy in cholestatic rats. 
Housing and handling of the animals
Male Albino-Wistar rats (Pasteur institute, Tehran, Iran), weighing 250 -300 grams, were used in this study. All experiments and manipulations were carried out in accordance with the Guide for the Care and Use of Laboratory Animals (1996, published by National Academy Press, 2101
Constitution Ave. NW, Washington, DC 20055, USA) and our use of animals was reviewed and approved by the appropriate animal care review committee at the Department of Pharmacology, Tehran University of Medical Sciences. Rats were housed in an environment with a temperature of 22-23˚C, and a 12 hour light/dark cycle was provided. Animals had free access to tap water and a standard pellet chow. Each rat was used only once and each treatment group comprised 8 animals.
Chemicals
The following drugs were used in this study: naltrexone (opioid receptors antagonist), N ω -nitro-L-arginine methyl ester (L-NAME, nonspecific NO synthase [NOS] inhibitor), LPS (Escherichia Coli, serotype O127:B8), ketamine hydrochloride and xylazine hydrochloride. All of the drugs were purchased from Sigma (St. Louis, MO, USA), except for ketamine, xylazine and Griess reagent which were purchased from Gedoon Richter (Budapest, Hungary), Daroupakhsh (Tehran, Iran) and Alexis (Lausen, Switzerland), respectively. The drugs were dissolved in physiological saline and administered intraperitoneally (i.p.). Control groups received physiologic saline with a volume of 1 ml/kg.
Bile duct ligation surgical procedure

D r a f t
Animals were randomly divided into sham-operated and bile duct ligated (BDL) groups. Bile duct ligations and sham operations were performed as previously described (Payabvash et al. 2007 ). Briefly, rats were anesthetized by i.p. injections of ketamine hydrochloride (100 mg/kg) and xylazine hydrochloride (10 mg/kg). After midline laparotomy, the bile duct was identified and ligated at two different locations with absorbable surgical threads. Thereafter, the bile duct was sectioned between the ligatures, and the abdominal wall was closed by sutures. All animals received 5 ml of sterile physiologic saline i.p. after completion of surgery. Sham operation consisted of laparotomy, bile duct identification and manipulation without ligation.
Experimental design
Animals were randomly divided into 12 groups, each consisting of 8 rats. Groups 1 and 2 included sham-operated and BDL rats received saline as control groups.
Acute treatment groups were received following drug regimen: Groups 3 and 4 included sham operated and BDL rats that received naltrexone (10 mg/kg, i.p.) on the 28th day after surgery; in groups 5 and 6, sham-operated and BDL rats received a single injection of L-NAME (3 mg/kg, i.p.) on the 28th day after BDL; and finally, groups 7 and 8 included sham-operated and BDL rats that received an injection of naltrexone (10 mg/kg, i.p.)+L-NAME (3 mg/kg, i.p.) on the 28th day after surgery.
Animal in chronic groups were treated daily with a specific drug regimen as described below: groups 9 and 10 included sham operated and BDL rats that received a daily injection of naltrexone (10 mg/kg, i.p.) for 28 days. To determine the involvement of the NO pathway in hepatic encephalopathy, in groups 11 and 12, sham-operated and BDL rats received a daily injection of L-NAME (3 mg/kg, i.p.) for 28 days; groups 13 and 14 included sham-operated and D r a f t 7 BDL rats that received a daily injection of naltrexone (10 mg/kg, i.p.)+L-NAME (3 mg/kg, i.p.) for 28 days.
Grading of hepatic encephalopathy and determination of mortality rates
Encephalopathy was assessed every 20 minutes during the first 3 hours following LPS injection on the 28th day after surgery. Hepatic encephalopathy grades (I-IV) were assessed according hepatic encephalopathy scoring system uses basic reflexes (I(20-25), Lethargy; II(10-15), Lethargy and ataxia; , Gradual loss of reflexes; IV(0-10), Coma) (Bruck et al. 1999) .
Additionally, mortality rates were determined 24 hours after LPS injection.
The effect of cirrhosis on hepatic encephalopathy was assessed by comparing hepatic encephalopathy scores between BDL and sham-operated rats after LPS injection on the 28th day after surgery.
Histological studies of liver
The liver was fixed with 4% paraformaldehyde and sectioned for evaluation based on microscopical (histologic) characters. Histological assessment of fibrosis, Ductular proliferation and inflammation were evaluated using hematoxylin and eosin (H&E) as well as Masson trichrome staining. Fibrosis was staged 0-4 based on Scheuer's scoring system (0, no fibrosis; 1, expansion of portal tract without linkage; 2, portal expansion with portal to portal linkage; 3, extensive portal to portal and focal portal to central linkage; 4, cirrhosis) (Ebrahimkhani et al. 2006) . Ductular proliferation and inflammation were graded on a scale of 0-4, with 0, <10% of portal areas involved; 1, 10-50% of portal areas involved; 2, >50% of portal areas involved; 3, circumferential involvement of at least 50% of the portal area without significant expansion of portal tract; 4, circumferential involvement of at least 50% of the portal area with significant D r a f t 8 expansion of portal tract. The severity of changes was subjectively graded and compared with controls. Histological evaluation and scoring was carried out using a Zeiss® microscope equipped with an Olympus® colour video camera for digital imaging.
Determination of plasma nitrite plus nitrate concentrations
End products of NO (nitrite and nitrate) were measured through a colorimetric assay dependent upon the Griess reaction. One milliliter of blood was collected from tails of rats one hour after drug injection on the 28 th day after surgery (immediately before LPS injection). Collection tubes contained ethylenediaminetetraacetic acid (1.2 mg/ml) to prevent blood from clotting. The collected blood was centrifuged for 10 minutes at 3400 g, and plasma was extracted. One hundred and fifty microliters of plasma was pipetted into a 96 well microplate and diluted with 130 microliters of deionized water. Twenty microliters of Griess reagent was added to the diluted samples. Absorptions were read at a wavelength of 548 nm with a microplate ELISA reader (BioTek Instruments, Winooski, VT, USA). The concentration of nitrite plus nitrate (NO x ) in different samples was determined by comparing the absorption of the samples with the absorption of sodium nitrite standard solutions (Rahimi et al. 2011 ).
Statistical analysis
All data (hepatic encephalopathy scores, mortality rates, plasma NO x levels) were analyzed with SPSS statistical software package (version 18.0, Chicago, IL, USA). Differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). between groups. Differences with P values less than 0.05 were considered as statistically significant.
Results
Effects of cirrhosis on hepatic encephalopathy scores and mortality of rats
Following LPS injection, the consciousness level of BDL rats markedly and progressively deteriorated, starting at 30 to 60 minutes after LPS injection. Three hours after LPS injection to BDL rats, high grade (grade 4) hepatic encephalopathy was observed. The observed changes in hepatic encephalopathy scores were statistically significant in comparison to sham-operated rats (F (1, 98) = 169.36, Fig. 1 ; P < 0.001). Twenty four hours after LPS injection, the mortality rate of BDL rats was 100%, which was also significantly higher than those of sham-operated rats (P < 0.01). Sham-operated rats remained fully alert ( Fig. 1 ) and did not die after LPS injection.
Effects of acute treatment with naltrexone on hepatic encephalopathy grading and mortality of cirrhotic rats after LPS injection
Acute treatment with naltrexone (10 mg/kg, ip) significantly decreased hepatic encephalopathy scores of BDL rats after LPS injection in comparison to saline-treated BDL rats (F (1, 89) = 114.01, Fig. 2 ; P < 0.001). Moreover, a single injection of naltrexone (10 mg/kg, ip) on the 28 th day after surgery reduced the mortality rate of BDL rats to 42.85% during the 24 hours after LPS injection, which was significantly lower than saline-treated BDL animals (P < 0.05).
Effects of acute treatment with L-NAME and naltrexone on hepatic encephalopathy grading and mortality of cirrhotic rats after LPS injection
Acute treatment with L-NAME (3 mg/kg, ip) had no effect on hepatic encephalopathy scores of BDL rats following LPS injection compared with saline treated BDL rats which received LPS (F (1, 89) = 0.122, Fig. 2 ; P > 0.05). Additionally, all BDL animals which were treated with an acute dose of L-NAME (3 mg/kg, ip) died within the first 24 hours following LPS injection, which was similar to saline-treated BDL rats.
Acute administration of L-NAME (3 mg/kg, ip) before naltrexone (10 mg/kg, ip) reversed the beneficial effects of acute treatment with naltrexone on hepatic encephalopathy scores of BDL rats (F (1, 98) = 19.96, Fig. 2 ; P < 0.001). Furthermore, the mortality rate of BDL rats which received single doses of L-NAME and naltrexone was 87.5%, which was significantly higher than the mortality rate of BDL rats that were injected with saline and naltrexone (mortality rate :
28.57%; P < 0.05).
Effects of chronic treatment with naltrexone on hepatic encephalopathy scores and mortality
Chronic treatment with naltrexone (10 mg/kg, ip) significantly reduced hepatic encephalopathy scores of cirrhotic rats after LPS injection in comparison to saline (F (1, 96) = 76.28, Fig. 3 ; P < 0.001). In addition, naltrexone reduced the mortality rate of BDL rats to 42.9% during the 24 hours following LPS injection compared with saline treated group (P < 0.05). Naltrexone had no effect when administered to sham-operated animals.
Effects of chronic administration of L-NAME on hepatic encephalopathy scores and mortality of cirrhotic rats after LPS injection
Chronic administration of L-NAME (3 mg/kg, ip) had no effect on consciousness of BDL and sham-operated rats after LPS injection (F (1, 98) = 4.26, Fig. 3 ; P > 0.05). The mortality rate of
L-NAME treated BDL animals was 85.71%, which was not significantly different from that of saline-treated BDL animals.
Chronic co-administration of L-NAME (3 mg/kg, ip) and, naltrexone (10 mg/kg, ip) diminished hepatic encephalopathy scores of BDL rats, but had no effect on hepatic encephalopathy scores of naltrexone (10 mg/kg, ip) -treated BDL rats (F (1, 87) = 0.039, Fig. 3 ; P > 0.05). Survival of BDL rats which were treated chronically with L-NAME and naltrexone was 28.57%, which was also not significantly different from saline plus naltrexone-treated BDL rats.
Histological analysis
Liver sections showed significant morphological changes after 28 days of bile duct ligation, including extensive proliferation of the bile ducts, enlargement of the portal tracts and the formation of extensive periportal fibrosis as well as pericentral collagen deposition in comparison to sham-operated rats ( Fig. 4 ; P < 0.05). As shown in tables 1 morphological change of all treated groups were significantly different by sham-operated groups. On the other hand, chronic administration of naltrexone and chronic co-administration of naltrexone and L-NAME reduced fibrosis and inflammation following bile duct ligation in comparison to BDL-operated rats, significantly (P < 0.05). Table 2 provides information regarding plasma concentrations of NOx on day 28 after surgery in different experimental groups which received chronic drug treatments. The level of NOx was elevated in BDL rats in comparison with sham-operated controls (F (1, 11) = 3.144, P < 0.05).
Measurement of nitric oxide metabolites
Administration of a single dose of L-NAME decreased the plasma NOx level in acute saline and D r a f t 12 naltrexone treated BDL rats, significantly (P < 0.05). In addition, chronic treatment with L-NAME (3 mg/kg, i.p.), significantly abolished plasma concentrations rise of NOx in BDL rats (P < 0.05). Also, chronic treatment with L-NAME reduced plasma NOx concentrations in chronic naltrexone treated group in BDL rats (P < 0.01).
Discussion
We found that acute and chronic administration of the opioid receptors antagonist, naltrexone, improves HE scores and reduces mortality rates following LPS injection in cirrhotic rats.
Furthermore, both of acute and chronic administration of L-NAME, a nonselective NO synthase inhibitor, did not change the HE scores and mortality rates in BDL rats. Meanwhile improvement of hepatic encephalopathy scores and survival of cirrhotic rats by acute effect of naltrexone was reversed after treatment with L-NAME. On the other hand, administration of L-NAME did not inhibit the effect of chronic treatment with naltrexone on hepatic encephalopathy scores and mortality of cirrhotic rats, indicating that naltrexone exerts its acute effect on hepatic encephalopathy through a mechanism dependent on NO. These all were confirmed by liver histological experiments. In BDL rats, the plasma level of NO metabolites was higher compared with sham animals.
Hepatic encephalopathy is seen in patients with liver failure in function such as cirrhosis and spontaneous splenorenal shunt (Tarantino et al. 2009 (Lindros et al. 2005 ) and this fact constitutes the basis for the use of LPS in animal models of HE (Harry et al. 1999; Wright et al. 2007 ). LPS induced a significant increase of hepatic and plasma levels of glutathione disulfide, an indicator of oxidant stress in mice (Galanos at al. 1979; Jaeschke et al. 1999) . It has been shown that neutrophils-derived reactive oxygen species (ROS) are responsible for an intracellular oxidative stress in hepatocytes after LPS treatment. In addition, pro-inflammatory cytokines as TNF-α can induce the formation of ROS in hepatocytes (Adamson and Billings 1992) .
Previous studies showed elevated levels of plasma endogenous opioids in cholestasis and cirrhosis contribute to different manifestations of chronic liver disease such as pruritus, ascitis, and hepatic encephalopathy (Bergasa and Jones 1992; Ebrahimkhani et al. 2008 ). Naltrexone as a long-acting opioid antagonist has been claimed to have anti-inflammatory and immunemodulatory effects both in vitro and in vivo (Greeneltch et al. 2004; Lin et al. 2005) . In this study, both acute-and chronic administration of naltrexone lowered HE scores and mortality rates of cirrhotic animals. In line with our findings, Administration of naloxone or naltrexone in rats with thioacetamide-induced fulminate hepatic failure decreased the symptoms of HE (Yurdaydin et al. 1995) . In addition, administration of naltrexone to BDL rats reduced liver fibrosis and hepatocyte apoptosis which is in consistent with previous studies (Payabvash et al. 2007; Ebrahimkhani et al. 2006) . It has been shown that NO production increased in cirrhosis and in hepatotoxicity with bacterial endotoxemia (Finelli (Wang et al. 2008) . Then, the opioid receptors blockade is prominent and attributable in the survival after hepatic encephalopathy due to LPS.
The role of NO in the pathophysiology of HE is the controversial subject of ongoing debates. In this study, acute-and chronic administration of L-NAME per se, has no effect on HE scores and mortality rates of BDL rats. Consistent with previous report that chronic administration of L-NAME did not alter HE scores in BDL rats (Chan et al. 2004) . While, our results showed that increased NO metabolites levels, and hepatic fibrosis and inflammation in cirrhotic rats decreased in plasma and liver tissue of L-NAME treated animals. On the other hand, some authors believe that NO protected against hepatic encephalopathy, Chu et al determined that chronic L-NAME had detrimental effects on the severity of encephalopathy in TAA-treated rats (Chu et al. 2001; Chu et al. 2006) , others suggest NO exacerbated hepatic encephalopathy. They suggested increased expression of NOS, may result from exposure to ammonia and/or manganese, which increase in brain due to chronic liver failure (Malecki et al. 1999; Rao et al. 2002; Rose et al. 1999; Suarez et al. 2009 ). In ammonia neurotoxicity, ammonia entering the brain is converted to glutamine in the astrocytes, a critical process for the onset of astrocyte damage (Albrecht and Norenberg 2006) . Hyperammonemia has been shown to inhibit astrocytic D r a f t GABA uptake, increase neuronal chloride currents by a direct action on the GABAA receptor complex, and potentiate the binding of GABAA and central benzodiazepine receptor agonists to the GABAA receptor complex (Albrecht and Jones 1999; Jones 2003; Schafer et al. 1999 ). In addition, exposure to ammonia causes an increase in brain lactate. In animal models presenting liver failure, a high lactate synthesis, which could be secondary to mitochondrial injury, has been shown (Bosoi et al. 2011) . The excessive production of super Oxide (O2−) and nitrous Oxide (NO−) free radicals induces transient mitochondrial permeability pore (Rama et al. 2010) associated with astrocytic and neuronal damage, leading to energy impairment and cell death (Görg et al. 2010) . Ammonia induced activation of mitogen-activated protein kinases and activation of nuclear factor-κ b (Norenberg et al. 2009 ).
Present study showed that a single injection of L-NAME reversed the protective effect of acutely administered naltrexone on HE. It has been shown that naltrexone reduced the overproduction of nitric oxide (NO) and superoxide anions induced by LPS/D-gal in mice (Wang et al. 2008) .
Acute administration of L-NAME reversed the beneficial effect of naltrexone in different biological models such as morphine-induced analgesia, vascular hyporesponsiveness, and gastric damage in cholestatic rats (Babay et al. 1994; Nahavandi et al. 2001; Namiranian et al. 2001; Rao et al. 2002) . However in our study, chronic treatment with L-NAME did not alter the beneficial effect of 28-day treatment with naltrexone on HE scores. While, administration of L-NAME significantly reduced NOx levels in cirrhotic rats, indicating that the alteration in NOx levels is not always in parallel with the manifestation of HE scoring. Also, chronic inhibition of NOS may operate additional signaling mechanisms that compensate for deficiency in NOS activity (Suarez et al. 2009 As well, they said the contribution of endogenous opioid system to vascular hyporesponsiveness in cirrhosis is not directly correlated to high plasma NO levels (Ebrahimkhani et al. 2008 ). Based on these data, we suggest that NO may affect only the beneficial effect of acute naltrexone administration on HE scores in rat.
In conclusion, this study showed that naltrexone alleviates LPS-induced hepatic encephalopathy and reduced mortality rate in BDL cirrhotic rats. Moreover, L-NAME reversed the beneficial effects of acute treatment with naltrexone on hepatic encephalopathy and mortality rate, suggesting that these effects are at least partially through augmentation of the plasma NO level;
however, the amelioration observed on hepatic encephalopathy and mortality rate following the chronic treatment with naltrexone were not affected by L-NAME. We concluded that only acute, sham-operated rats. These groups were treated with saline for 28 days after surgery. On day 28, hepatic encephalopathy grading was assessed (based on Bruck study criteria) every 20 minutes during the first 3 hours following LPS injection.Data are presented as mean ± S.E.M.
Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). ** P < 0.01 and *** P < 0.001 in comparison to the corresponding control group.
Fig. 2
Effects of chronic administration of naltrexone, L-NAME and co-administration of naltrexone and L-NAME on LPS-induced hepatic encephalopathy in cirrhotic rats.
Saline, Naltrexone (10 mg/kg, ip), and L-NAME (3 mg/kg, ip) were administered daily for 28 days after BDL. L-NAME (3 mg/kg), 15 minutes before naltrexone (10 mg/kg) were administered daily for 28 days after surgery. One hour after the last injections on day 28, LPS (1 mg/kg, ip) was injected then hepatic encephalopathy grading was assessed throughout a 3-hour session. Data are presented as mean ± S.E.M. Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). × Significant differences between naltrexone-and saline-treated groups, 40-100 minutes after LPS injection (P < 0.01) and 100-180 minutes after LPS injection (P < 0.001). + Significant differences between (L-NAME + naltrexone)-and saline-treated groups 40-D r a f t Fig. 3 Effects of acute administration of naltrexone, L-NAME and co-administration of naltrexone and L-NAME on LPS-induced hepatic encephalopathy in cirrhotic rats.
Saline, Naltrexone (10 mg/kg, ip), and L-NAME (3 mg/kg, ip) were administered day 28 days.
L-NAME (3 mg/kg), 15 minutes before naltrexone (10 mg/kg) were administered on day 28 after surgery. One hour after the injections, LPS (1 mg/kg, ip) was injected then hepatic encephalopathy grading was assessed throughout a 3-hour session. Data are presented as mean ± S.E.M. Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). × Significant differences were observed between naltrexone-and saline-treated groups 40-100 minutes after LPS injection (P < 0.01) and 100-180 minutes after LPS injection (P < 0.001). + Significant differences were observed between naltrexone-and saline-treated groups 100-180 minutes after LPS injection (P < 0.001). of BDL rats, D. acute treatment with naltrexone of BDL rats, E. acute treatment with L-NAME + naltrexone of BDL rats, and F. chronic treatment with L-NAME + naltrexone of BDL rats. D r a f t Fig. 1 Effect of LPS injection on hepatic encephalopathy scores in cirrhotic rats compared with shamoperated rats. These groups were treated with saline for 28 days after surgery. On day 28, hepatic encephalopathy grading was assessed (based on Bruck study criteria) every 20 minutes during the first 3 hours following LPS injection.Data are presented as mean ± S.E.M. Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). ** P < 0.01 and *** P < 0.001 in comparison to the corresponding control group. 83x54mm (300 x 300 DPI) D r a f t Fig. 2 Effects of chronic administration of naltrexone, L-NAME and co-administration of naltrexone and L-NAME on LPS-induced hepatic encephalopathy in cirrhotic rats. Saline, Naltrexone (10 mg/kg, ip), and L-NAME (3 mg/kg, ip) were administered daily for 28 days after BDL. L-NAME (3 mg/kg), 15 minutes before naltrexone (10 mg/kg) were administered daily for 28 days after surgery. One hour after the last injections on day 28, LPS (1 mg/kg, ip) was injected then hepatic encephalopathy grading was assessed throughout a 3-hour session. Data are presented as mean ± S.E.M. Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). × Significant differences between naltrexone-and saline-treated groups, 40-100 minutes after LPS injection (P < 0.01) and 100-180 minutes after LPS injection (P < 0.001). + Significant differences between (L-NAME + naltrexone)-and saline-treated groups 40-100 minutes after LPS injection (P < 0.01) and 100-180 minutes after LPS injection (P < 0.001).
122x67mm (300 x 300 DPI) D r a f t Fig. 3 Effects of acute administration of naltrexone, L-NAME and co-administration of naltrexone and L-NAME on LPS-induced hepatic encephalopathy in cirrhotic rats. Saline, Naltrexone (10 mg/kg, ip), and L-NAME (3 mg/kg, ip) were administered day 28 days. L-NAME (3 mg/kg), 15 minutes before naltrexone (10 mg/kg) were administered on day 28 after surgery. One hour after the injections, LPS (1 mg/kg, ip) was injected then hepatic encephalopathy grading was assessed throughout a 3-hour session. Data are presented as mean ± S.E.M. Each group consisted of 8 rats and differences in hepatic encephalopathy scores were analyzed by repeated measures analysis of variance (ANOVA). × Significant differences were observed between naltrexone-and saline-treated groups 40-100 minutes after LPS injection (P < 0.01) and 100-180 minutes after LPS injection (P < 0.001). + Significant differences were observed between naltrexone-and saline-treated groups 100-180 minutes after LPS injection (P < 0.001).
80x43mm (300 x 300 DPI) D r a f t Fig. 4 Haematoxylin and eosin stained sections of sham and bile duct ligated (BDL) liver tissues in rats. Twenty eight days after the surgical procedure, liver tissue was obtained and collagen fibers were stained with Masson's Trichrome. Bile duct ligation was associated with extensive bridging fibrosis (portal to portal and portal to central linkage with fibrotic bands) and bile duct proliferation. A. Sham-operated rats, B. BDL rats, C. chronic treatment with naltrexone of BDL rats, D. acute treatment with naltrexone of BDL rats, E. acute treatment with L-NAME + naltrexone of BDL rats, and F. chronic treatment with L-NAME + naltrexone of BDL rats.
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